Results: Of the 12 commonly used PCR reference genes tested we were able to 25 establish that Hypoxanthine phosphoribosyltransferase 1 (HPRT1) and lactate 26 dehydrogenase A (Ldha) remained stable in the diaphragm muscle regardless of 27 obesity or exercise training. Interestingly, we also concluded that the commonly 28 used reference genes: beta--Actin, beta--2--microglobulin, Non--POU domain 29 containing, octamer--binding, Peptidylprolyl isomerase H, 18S ribosomal rna, TATA 30 box binding protein and Transferrin receptor were all found to be altered by the 31 combination of exercise and obesity. Our study showed that the diaphragm muscle 32 of the OZR had significantly higher expression levels of both myonectin and Fndc5. 33
Obesity and diabetes are the top health problems in the developed world, 44 and major contributors to the development of cardiovascular disease (1) . Skeletal 45 muscle metabolism is an important regulator in control of whole body glucose and 46 lipid homeostasis. Further, the reduction in insulin--mediated skeletal muscle 47 glucose uptake has long been recognized to be an important underlying mechanism 48 of type 2 diabetes (2) . Lifestyle modification, specifically increased physical activity, 49 has demonstrated enormous therapeutic potential to reverse skeletal muscle insulin 50 resistance.
51
While the direct role of skeletal muscle metabolism in regulating glucose and 52 lipid metabolism is well established, the potential endocrine--like functions of 53 skeletal muscle to influence glucose and lipid metabolism in other tissues have only 54 recently begun to be investigated. With the advent of proteomics, a number of 55 muscle--derived secreted factors, collectively called myokines, have been identified 56 (3, 4) . Interleukin 6 (IL--6) is the first and most well studied myokine, and it is 57 increased with exercise (5--7) . IL--6 acts to stimulate hepatic glucose production and 58 enhances glucose uptake by insulin--sensitive tissues (8, 9) . These studies have 59
provided the first endocrine--like function of skeletal muscle and established a link 60 between exercise and systemic metabolic parameters (10) . In addition to IL--6, a 61 large number of other muscle--derived secretory proteins have been identified. The 62 purpose of this paper was to examine the impact of obesity and chronic exercise 63 training on two of these novel myokines: 1) fibronectin type III domain containing 5 64 (FNDC5), the precursor for irisin, and 2) C1q TNF related Protein 15, hereafter 65 referred to as myonectin. FNDC5 is a membrane protein that is cleaved and it's 66 proteolytic cleavage product is secreted as the hormone, irisin (11 weight (658 ± 18 vs. 502 ± 21, P < 0.05) and fasting insulin levels (10.7 ± 1.2 vs. 6.7 205 ± 1.6 ng/dL, P < 0.05) in the OZR, it was not sufficient to induced significant changes 206 in the LZR in these variables, as reported previously (16, 17) .
208
Identification of appropriate reference genes. Our data was able to confirm that HPRT, 209 HSP90, Ldha, Pgk1, Rplp1, and Sdha remained relatively stable (Cq variability less 210 than 0.5) regardless of obesity or exercise training (Figure 1 ). However, we also 211 observed that there was greater than 1 Cq difference, among the groups examined, 212 in gene expression of Actb, B2m, and Tfrc ( Figure 1 and Table 1 ). Assuming an 213 efficient reaction, 1 Cq difference represents an approximate 2--fold difference in 214 starting RNA content. This indicates that some commonly used reference genes are 215 effected by the specific set of conditions described in this study and therefore are 216 inappropriate to use as reference genes, normalizing factors that control for equal 217 input of total RNA when performing relative gene expression analyses. Further, 218 these data highlight the importance of exploring the stability of reference genes 219 when performing qPCR analysis.
221
Of the stable reference genes, we performed quantitative qPCR analysis of HPRT and 222 Ldha to use as reference genes in our analysis. Quantitative qPCR showed that there 223 was no significant difference between the starting copy number of HPRT and Ldha 224 among the groups in our analysis ( Figure 2D and Figure 2E) found that the OZR had significantly higher expression levels of both myonectin and 233
Fndc5 compared with the LZR (Figure 2A and 2B ). There are two possibilities to 234 explain this data: 1) it is possible that both FNDC5 and myonectin are regulated by 235 leptin, as obesity occurs in the OZR model due to a nonfunctioning leptin receptor, 236
any receptor--mediated leptin specific regulation would be absent; 2) a diet high in 237 fat may induce the expression of both FNDC5 and myonectin. Previous work has 238 demonstrated that lipids can increase myonectin expression both in vivo and in vitro 239 (12) . In the OZR model of obesity, animals are fed a chow diet and become obese 240 due to excessive caloric intake (18--21) . Nevertheless, this finding may be 241 serendipitous as these myokines have yet to be examined in a model with 242 dysfunctional leptin signaling. These observations deserve more extensive analysis 243 than was possible within the scope of the current study.
245
The combined effects of Obesity and exercise training on Myonectin expression. It has 246 been previously documented that short--term exercise exposure increases gene 247 expression of myonectin (12) . Although myonectin expression had not yet been 248 examined after long--term exercise exposure, we were surprised to find that chronic 249 exercise reduced myonectin expression regardless of obesity status ( figure 2A ).
250
Because our findings were contrary to what we anticipated, we also examined the 251 muscle protein content of myonectin (figure 3). These results were even more 252 confounding, since, although myonectin gene expression was reduced with exercise, 253 myonectin protein content was elevated with exercise, regardless of obesity. 254
Unfortunately, serum samples were no longer available from these animals to 255 determine the changes to circulating myonectin levels. However, these data suggest 256 that myonectin may act in an autocrine fashion to regulated it's own expression, as 257 has been noted recently for irisin (23) and for other myokines such as IL--6 (24) .
259
The combined effects of Obesity and exercise training on Fndc5 gene expression.
260
According to the literature neither acute nor chronic exercise alters FNDC5 gene 261 expression (11, 15) . Fndc5 is the precursor for Irisin, and it has been suggested 262 that exercise causes cleavage of Fndc5, releasing irisin and driving the exercise--263 induced 'browning' of white adipose tissue (11, 25) . This indicates that Fndc5 264 levels may not be directly regulated by exercise. However, because Fncd5 levels are 265 reduced with obesity and insulin resistance we expected to see a restoration of 266
Fndc5 levels with exercise training in the insulin resistant obese OZR. Although we 267 confirmed that exercise did not effect Fndc5 gene expression, contrary to the 268 literature we found that Fndc5 mRNA levels were elevated in the OZR (figure 3B Fndc5/irisin, Hprt1, Ldha, and RN18S were purchase from SABiosciences (Table  1) .
330
A standard curve was generated from 10--fold dilution series of DNA amplicons for 331 each gene of interest. All qRT--PCR primers displayed a coefficient of correlation 332 greater than 0.99 and efficiencies between 90% and 110%. Data is reported as copy 333 number per amount of starting RNA. The main effects of obesity (OZR x LZR) and 334 exercise interaction (obesity x exercise) in these animals were analyzed by a two--335 way ANOVA. Data are presented as means ± SE. *p<0.05, data significantly different 336 between control and exercised groups. **p<0.05, data from OZR animals was 337 significant different from the LZR animals. 338 339 340 341 342   343   344   345   346   347   348   349   350   351   352   353   354   355   356   357   358   359   360   361   362   363   364   365   366   367   368   369   370   371   372   373   374   375   376 Figure 3: Myonectin/CTRP15 content was examined in the rat diaphragm muscle of 377 the male lean zucker (LZR) and obese zucker rats (OZR). Exercised animals were 378 trained on a motorized treadmill for 12 wk. Control (animals were exposed to the 379 similar environment (positioned next to the treadmill) but were not exercised. 
